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Tis naver 1s one of a& series being neers for: ex United States Bureau 
of iiines to disseminate technical information regarding the methods used-in mtn- 
ing nonuetallic minerals, The cost tabulations represent operating etoenditures 
onl: and. not total costs, It is recommized:tnat publication of total costs micht 
in many instances cause elbarrassment to indiviaual operators as vell as to tue © 
industry as a wiole. On tne otzer nand, operating costs are essential to the 
tecimical discussion aid study of the metnoas employed. Tne attention of the. 
reader is specifically called to tlis differentiation in order that no mis- 
understanding of the scope of the cost tabulations sncll ensue. ‘This naper 
aeals particularly with metnocs and costs of dredging, classifyin; materials, 
and transportetion at the plant of tne Ross Island Sand & Gravel Co. of 
portland, Ore. 
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Tae cutuor wishes to acimovledge fhe assistance of uarold.Blate, general 
manager of tne company,. and of A. Ve Kramer, casnier in charge ofthe plant 
office, a 


EISTORY 


Tue Ross Island Sand & Gravei Co. was Setaviiened in tue fall of is26. Tie 
company attracted a ,; sreat deal of ettention because it started onerations in the 
Willamette River chennel betveen tvo islands ormed b; his company and located 
‘14; miles upstream from the center of Portland. These two islands divide the 
river into three cuannels, The middle cuannel is tue one from vnich the con- 
pany gets its gravel, and is ideal, -for dredging in that a dike has been con- 
structed between and at the upstream end of tne islands wich prevents drift- 
wood and debris- frou entering the devosit. Figure 1 is a map of the property. 


1 The Bureau of Nines will welcome reprintin;; of this paver, provided the 
following footnote aclmowledgment is used: "“Reorinted from v, S. Bureau 
of kiines Information Circulcr 6696," | 

2 One of the consultin; engineers, U. S. Bureau of Mines, and simerintendent, 
noss Island Sand & Gravel Co. 
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Up uatil this time no sand was taken from tne Willamette River by local 

commanies, it was all barged in from points along the Columbia River. This 

meant sousiderabvle neulaze cost in addition to.a ‘royalty charge of 10 cents 

. cubic yaid on all materials talzen from wlese Tee Waicu is collected b:’ 
he States of * Cregon and. “Wasning ston. ee » 


Gx0LOGY | 


emt eee 


The sravel deposit consists, $e tne: bro. Veléiids aa ‘the ‘chatihel between, 
covering an area of 385 acres, These islands were formed by changes in the 
river bed during past centuries, Dredging. vas. started in the channel, which 
at lov tide is practically uncovered. Tue reasons for starting at this point 
were tne lack of overburden and the ex:istence of a deposit of 30 feet of clean 
sand and gravel which runs 60 per cent of half inch and larger with 10 per cent 
of over 2% inch, and 40 per cent sand of which a high percentage ig)minus 28 
wesh, There isa stratum of 2 feet of concrete gravel: forming ‘the natural bed . 
of the river. Below this to a depth of 75 feet, which is the length of the 
ladder on the suction -dredge, tie uaterial - coer a Aigh percentace, of 24- 
inch and jerger gravel and less” sands . 

As- future needs demand, the islands’ theihselves will be dredged. These 
islands are covered: with 18 Feet of sandy ‘loam and: a sparse growth of cotton- 
Hee’. end ales ee auaes _ 

oe eee - GEOICE beat Se i ee ~ 

Before the construction of this. pla t began, H. Blake, the general manager, 
made a survey of various methods of récl aiming ‘material from rivers all over 
tne country. It was decided that the suction dredge fitted with a cutter head 
vas the only ‘practical equipuent ‘to “use. “The etstence of stumps, sunken” i 
trees, and other debris in the deposit,” in addition ‘to’strata of Hard’ndh and. 
small beds of blue clay, makes excavation difficult vithout some form of °~ 
cutter operating anead of the suction. 


Boas 


wn 


All gravel in the Willamette Hiver at this location is basaltic, vwater-— 
worn, and ranges’ in size up ‘to 8 “inches. On the other hand, sand of every ~ 
size is found in ‘albondance, all of°wieH is: irregular and hard, having a ‘ten- 
sile ‘strength of between “5,300 to: 6, 060: pounds per: eee inch: on a 28-day © 
a tenes and. having & ‘specific gravity ae a. 6I. : 


- KETEODS OF PROSPEOTING 
Ten. test paeiee were “arilled. at - faces: ‘on the property: to-a dept of 
60 feet A a. 6-inch (CABLE - werent ee 
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NOTE: © signifies prospect hole 


, Discharge terminal 
\\ Retail bunkers 


© Point of discharge to railroad cars 


ROSS ISLAND 


HARDTACK 


Proved sand O 
and gravel beds 


ISLAND 


Figure 1.—Map of Ross Island property 
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DRuDGE 


Waen originally built the hull of the dredge was of unusuall; heavy timber 
construction stiffened with four longitudinal bulknweacs end cross bracing. It 
veg 80 feet long, 30 feet wide, and 5 feet deep, and carried a 50-foot ladder 
and cutter. In 192° the length of the lull was increased 20 feet.end the 
ladder lengthened to 80 feet. The declz and bottom are of 3-incu nlanking and 
the sides and bulkheads of 6-inch planting. All the macnuinery-is inclosed by 
@ cabin which is double sheatied for the first 4 feet from the deck and single 
sneathed for tie rest of the way. The pilot house is forward on the second 
deci, The 12-inch credze pump is direct-connected through marine-type thrust 
pearings to @ 250-n>., 2,300-volt, 3-phase, 60-cycle, variable-sveed motor, 

A 2-inch and a 3-inch centrifugal pump, Girect-connected to a S-hn, and a 
25=nn. induction motor on a 440-volt current, supply vater ead saben prhal 2 
aredge pup anc cooling the marine thrust bearing, and are also used for punp- 
ing bilge vater and for oe eae 


The ladcer is supvorted by means of a steel A-frame, carried on steel 
cables runing over supporting posits and baci: to anidcship. The ladder is 
raised and lovsred by one.drum of a 6-drum noist, cirect-counected to a 50-hp., 
‘40—-volt aotor, The other five Grums are used for sving lines in loceting and 
ancuoring the dredge. <All carry 1,000 feet of cable; no spuds are used, 


The cutter is driven by a 250-hp., 440-volt motor with a rope drive, 


Electric. pover at 2,300 volts a.c. is delivered to the dredge by means of 
a lead-covered submrine cable carried on pontoons from the snore. The surplus 
cable is carried on a voocen reel vith a 12~-foot diameter and 8-foot face, and 
is provided vith collector rings allowing tne cable to pay off as needed. The 
2,300 volts is used for tue main pump. For the other smell motors it is trans- 
formed by turee c5-kv.a, transforuers to £40 volts, vith an additional 10—7v.a, 
transformer reducing 2,300 volts to llc volts for a lighting circuit. ‘the 
transformers are ail inclosed in a flashproof metal tan on the roof of the 
dredce cavin, Tre metal tant: has an automatic release ventilator and a 3-inch 
oll drain from tiie bottom, over the side, anc dom 1 foot under the water, 
for fire protection in case of a suort circuit in tae trensforner. 


In tue pilot jouse the main pump control is of tue drum type. xear it are 
controls for cutter, auxiliary pump, end tne hoist. This arrangement enables 
one man to operate the euitire dredge rithout assistance, except in case of 
trouble on the pipe line. The operator can then call for assistance by means 
of an electric siren on tie dredge. | 


PIPE LIiik 
Tie discharge pipe is of 12-inch, high-carbon steel, made in lengths of 
30 and 60 feet, witi a manganese vearing ring at eacn joint facing ‘the direction 
of flow of tne zravel. The pipe is carried on two vood-stave pontoons wich are 


os by 12 feet long and fastened together by cross timbers, Tue »nipe line is 
connected bz rubber sleeves, 
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HOISTInG 


Tie pipe line comes in to the plant on a level wita tue dredge, and dis- 
charzes into a 300-yard sum Wiich provides sufficient capacity to allov for 
a suort delay on either tre dredge or in tne plant. This sump is made of | 
steel sheet piling and “is so constructed tuat tne surplus vater nay flo off — 
over one side. The material is lifted by a 32-yard clamsnell stron; from an 
&5-foot boom on a steel stiff-leg derric: mounted on a platform of piling. 
The derricl: has a 3-drum hoist connected vb, a rope drive to a 200-rp., 440- 
volt, WiedeT OBR Get HOVCRiy: 


eo sreyel is partly ragned in tne di:: ing operation. Silt and clay balls 
are partially. vrolren up in tne pipe line and all trace of foreign matter is 
removed by tue rehandling in tue swap and -coutinued washing in the screens. 


rom the sump the material is lifted a distance of SO feet, at low water, 
into a. eee mrepes at the head of the screens, - 


SCREENING 


Tne material is discharg ed from the hopper into a single 24 by 6 foot 
rotary screen Wiich has tvo jacizcets, the inner one being 13 feet long and the 
ovter le feet long. Tue i:mer screen has 15 feet of 1: grinca, square-puncied 
openings at tie feed end, and a 4~foot end section of 23-inch square opening 
at the discharge end; the first jacket has - ‘=inch round “eles and the outside 
jacizet is made up of woven wire with 3/16 by. 7/16 inch openings. All. the 
materials passing: the ls-inch and retained on the -~inch screen’ f0ea directly 
into tv0 bins, All material passing the - “minch and retained on the sand screen 
pesses directly into two isore bins, Sand is flumed from the screen across two 
sanc cones througn a slotted grid having openings of 1/8 by “; inch in punched 
plate, in tne bottom of tue flume. The coarse sand is carried across the grid. 
into t:7o wheel. classifiers, 3 7 


Early operations of tunis deposit vere by ueans of clamshell dredges, 

wiilchn dug cone-shaped noles in tiie bottom of tne river, Later these holes be— 
case filled with fine sand and débris. In operating the 80-foot ladder, the 
uniform classification of sand vas at first a-bis problem, but with the use of 
two wneel-classifiers this has been solved... Trese wheels are 8 feet in dlameter 
and have 24 rectangular peus welded on tiie circumference. Tiese- pans are open: 
at one side parallel to the iain crive suert. ech pan.is. 32 inches long, 4 
incnes deep, and 6 inches wide, end all are mountec at right: angles to the 
plane of the center disk. The wheels are mounted in a twooden bor: with the sand 
entering one enc of the bo:: and tie vater overflovin; at the opposite side. 
Tne important feature of the classifier is the possibility of regulating the 
speed to give any desired classification up to the coarsest naving sand. A 


=e y variable-sneed motor is used to drive tie cue atone turough belt and 
“ecr reduction, | | | 
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Tue gravel passing the 2:-inch screen goes onto. a 24-inch convevor belt 
carrying the material to the junction of four bins. <Amy overvrodvction can be 
crusized. 


The varying sizes of commercial gravel, crusned stone, ar sand fall into 
their resvective bins, eaci: with a capacity of 125 yards. The material may be 
drawn from these bins direct to barges or to a reclaiming belt system serving 
stoclz piles or an aerial tramvay. Tre e4-inen by 300-foot reclaiming belt 
passes under tne bins and discnarges to either of two otzer conveyors. One of 
these is a horizontal, 300-foot-center, 24-incn belt with a tripper running the 
length of it, which discharzes to the partly submerged stocl: piles. The other, 
e 20-inch bi; 250-foot cross conveyor, connects with the loading terminal for 
the aerial tramvay. This tramvay is used for loading rallroad cars direct or 
for delivery to the bunkers for local trucks. These bunkers nave a 1000-yard 
capacit;, besides tich there is an additional 2000-yard storage-pile system 
on tne mainland. | | 


AZRIAL TRAMWVAY 


Tae aeriel tramway is 1,800 feet long and has a canacity of 90 yards an 
nour, It has two timber suspension piers in tne water and two towers on the 
mainland. At tne terminal tover, which is of structural steel, the buckets 
are automstically dumped into a 10-yard hopper leading to an 80-foot vertical 
chute in the torm of a pipe 13 inches in dianeter, This pipe carries the material 
onto a mat and then into railroad cars under tne tover, Tunis tramvay is of the 
continuous type and is driven by a 75-hp., 440-volt, constant-speed motor. The 
21 buckets each have a 9/10-yard capacity and are entomatically spaced by a 
timing device. The tramvay loading terminal is of timber construction on a 
foundation of piling. Tie tension is put on the traci: cables by means of tvo 
concrete vlocks veighing 60 tons on the empty side and 80 tons for the loaded 
cable. These blocks are fastened direct to the lines by large eyebolts and 
can rise or fall as the load comes on and off the lines. The tramvay rises 
100 feet from the loading point to the discharge terminal on the mainland, 


STOCK PILsS AWD RECLAIMING SYSTEM 


Tae gravel and sand in the main stock piles at tne plant are loaded to 
berges by a stean clamshell cizj;ser with a 1: y-yara bucket, 


The barses are loaded direct from.the bunkers by means of a 20-foot 
traveling conveyor belt 30 incnes vide which moves alonz the face of the 
bunkers and dravs waterial from any bin. 


Tne foundation of the bunkers and plant are all built on a mat of piling 
28 feet above tne low-water wark. This is because spring freshets in the 
Columbia River cause floods in tne Willamette River sometines as high as 24 
feet. As the islands are inundated at the nish-water stage, it was necessary 
to build the plant on piling. This plan of construction also nas the advantage 
of allowing tire barges to be lozded direct from the bunkers. 
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Tie water for vasning tue gravel is cram a roi the river by two deep— 
vell pumps. One, @ 10-inch pump tith a canacity of 1,800 gallons per minute 
and driven by a 50-hp., vertical motor, is usea ie supplying wasa water 
direct to the main screen; tre otner, an 8-inch pump with a capacity of 1OO0 
gallons per mimve and driven by a 40 hp., vertical motor, supplies water for 
vasiing sand and erusied ¢ gravel. 
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CRUSHING ‘PLAT | | 
| all ‘tiaterial over Be inches, ‘When is about 18 er “cent, goes ‘direct to 
a 24-iiicn ‘by. 60-foot conveyor belt agen by a Yoller chain and rope Grive, 
‘Which has a’.agnetic head pulley. The material gees into a bin of about .50- 
yard capaci t: and is there perce red into a 10-inch gyratory crus..er oriven | by 
a rope drive fron a 75-Wp es 440-volt variable-spped motore his. crusicer | is. set 
atal: princa openin;; the discharge from it falls into the boot. of an- 18-inch. 
by 86-foot, ‘continuous-type ‘bucizet elevator discharging into a smell. hopver 
over a 4 by S foot, double-deck, vibrating screen. Any des‘.red size separation 
can be mace by using screens made up aid “cept in stoc: at ail times, Te 
screens range in size by eighths from 1/8 to 1; inch openings. All are mede 
of ward-dram voven twire.electrically welded on to their angle-iron frames, so 
that. théy ere. easily cuansed on snort notice. . Tue oversize from tue screen 
flows into’a cO-yard. bun'zer, from there goes by a@ 24-inch by 40-foot conveyor 
to a.16-i inch ‘b;7" 50- -foot, continuous-type elevator, and is discnar ed into a 
bunker thot. in turn ferce-feeds a 7-inch levi.ouse | crusher, This crusher is 
airect-connected to a 60-hp. , vertical motor, T.1e . aes hes an opening ad— 
justable to. the size of ‘Foci desired. | 


‘BUGS 


Te crusned-rocx batzers are 20 br 46 feet ‘by 20 feet Ceep. iey are 
divided into four equal bins. The material is draw off by meaus of a 24-inch 
by 120-foot conveyor belt ‘devositing eterial | on conveyor belts -leading. to the 
storage piles or breiuey » | . 

Tie coman as = retail bunkers. One of 1,200 yards canacity is located 
on the river banlz opposite the plant and is served by the aerial nae Tre 
retail office is at tuis buiucer anc is centrally p placed for truc.: deliveries in 
the southeast Portlan id district. 7. an ae 


‘ 
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The otner bunker is in North Portland on the Willamette River and is 
served by barge shipments from the plant, wiieli “Ls about 2%; miles distant. . 
At tiis’ bunker the barges are unloaded by means or an eléctric hoist with a 
14-yard buclzet waich delivers into a small hopper feedinz: an incline conveyor 
belt taich distributes material to the different bins through | 2 EanOre on the 
belt. Tie bins have & capacity of 690 vos ' 
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Tie »lant is sperated entirel; i electricity. 
piant at 11,000 volts, part of wich is transformed into 2,300 volts end 
carried by submarine cable to tne dredge, ana tie rest of wilcn is steoped 
dowa to 440 volts for the plant proper. The transformers are mounted o1 tne 
island adjacent to t..e le nt. Tae nover for the vlent zoes into a centrally 
located svitci: room Waich controls all the wotors in and about the plant. All 
1@ motors are connected by skort-center, V-s-aned rubver belts, and wnere 


Bea itisndd sneea reduction is required, steel roller chains are used in strands 
Of one or more according to the Lorsepover required. - 


Power is delivered to the 


ACEI SHOP : - _ 


All suinor repairs are made at the plent machine shop which adjoins the - 
Tie ecuipment consists of a lathe with a 24-inch swing: end 15-foot 
ved, a 24-inch radius drill, an ensry wheel, @ banc sal, anc a blaczsnith 
‘Forse and equipuert. There is also a 300-anpere, recente welding machine 
md tvo acetylene welding and cutting torches. 


plant. 


EMPLOYER PaY SYSTEM 
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Tne alant is operated on a 6-day veel: of 8 or ¢ lours daily, depending on 

tne yardace required and tue season of the year. The average wor.cing. year is 
10 months,’ 


Wits trae excedtion of the plent superintendent, eld labor’ is | paid 
on an hourly basis. iieges range from 50 cents to $1 an hour,’ 


‘SAFETY 'L aaa 


t 


Tiere is a deliequtpoed first-aid ssbiset in the lant office, and ans 


other on the crecge. ‘The superintendent acts - as dirst-aid. wen, in case. or an 
accicent.. te ae ee, 


Figure 2 siovs tue organization enart of tle company. 8 
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Table 3.- Swmary of. prodietiba costs per ton of sand and gravel 


| pabor Supervision Total 
Strinping :.ceseseee. ($0,004 “Igo. 0010 


Dredging @eqeseeveeveeaneee O10 : 0044 
Crusnring and screening | ©.014 056° 
Conveying and loading. | 006 e Ole. 
Sumerintendence ...e«..! -- ~O1CS 
Stock pile: 

In eeeseeeoenseeva seen ; nas 7 0039 

Gut eee eee ee ee ren ke 0187 
sundry eeeeeveeevoeen eee e® * oe WOE 

Total operating .../| 0.0424 0.1825 
Depreciation ....ccece : | ese = 0364 
insurance and tates... | - | Oe Gee ee 00274 
Devletion BA aera ote cee an : . Z , = Ol 


Table 4.- Bunsen ang aerial tram costs per ton of sand and gravel 
. Aerial transr ortation 


Labor a A ETENED rer $0 .0697 7 $0 ..0209 
POUR : ew aaueve Saab areSiein ew isiee acs 0021 00136 — .. 0086 
DUDDLVES: x5. nie wie siereeiene we Gwe 0045 ..}. . , 0031 : 0007 
Repeirs and maintesance .... 20059 eOL75 = I’ . «0100 
TROD Ur: iecSvaiee gino. 1d S3aawieea ies Ciaca wie 20080 ~0736 — 
DEPVECIAtION cecseecsscceeee|. 9OlO5: 0347 > Fe 20524 
Insurance aid taxes ...cecee oes ) + Q291-2 |: ~0310 
Lilscellaneous .ecccccvcccocs "40037" °° 71° ° + — .0028 
fae af cep ve are ee eee re ee a eS | —s_—, L279 | | ay 


Total eon t 2.0888 ae 0.3729: ms 0.1264 


dost. yer ton. oO. de aie L vcaans $044422 
Cost eee ton oe O. d.: - buntcer’ 2: pare 6329 
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